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(54) LCD Device with improved resilient adhesive spacers 



(57) A liquid crystal display device having a pair of 
substrate assemblies (2,4) and a pattern of electrodes 
(6.8) that define active and inactive areas of the display. 
Spacer elements (10.18) are disposed only in inactive 
areas of the display to maintain a uniform predeter- 
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mined cell gap between the substrate assemblies for 
the liquid crystal material (22). Some of the spacers are 
adhesive (18) to provide shock resistance for the 
device. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to liquid crystal dis- 
play devices and, more particularly, to an improved 
technique for precisely maintaining the distance 
between substrates of a liquid crystal display cell. 

BACKGROUND 

A liquid crystal display device typically includes a 
pair of substrates which are maintained in a spaced 
apart, yet parallel relationship with one another. The 
space between the substrates is commonly referred to 
as the cell gap. Interposed between the substrates, 
within the cell gap, is a liquid crystal material which 
changes its optical characteristics in response to an 
applied electrical signal. 

A plurality of electrodes are disposed upon the 
inner surface of the substrates in order to control and 
apply the desired electrical signals to the liquid crystal 
material. Some LCD devices will have an electrode 
arrangement which allows a predetermined set of char- 
acters or symbols to be generated, while other LCD 
devices have a matrix of electrodes that form a display 
comprised of a great plurality of individually accessible 
pixel elements, each of which may be selectively acti- 
vated to form an infinite variety of images. 

Due to the electro-optical characteristics inherent in 
the liquid crystal material, it will typically assume one 
state when no electrical signal is applied and will 
assume another, different state when an electrical sig- 
nal is applied. For example, some liquid crystal materi- 
als will assume a reflective state when no electrical 
signal is applied, and will assume a transmissive state 
under the influence of an applied electrical signal. Some 
new liquid crystal materials provide performance with a 
variety of different gray levels as well. 

In order to assure the proper operation of a liquid 
crystal display device, it is critical that the cell gap be 
precisely and uniformly maintained throughout the 
entire display. Even slight deviations in the cell gap will 
result in a noticeable and defective appearance in the 
display. This can readily be seen with a conventional 
LCD display panel when even slight pressure is applied 
by a fingertip. In response to the pressure, the cell gap 
in the affected area will be reduced slightly, resulting a 
dark spot, degradation of contrast or other undesirable 
defect in the displayed image. 

In a conventional LCD device, the cell gap is main- 
tained by providing a plurality of spacers between the 
substrates. The spacers, which are of a uniform height, 
are usually randomly disposed within the cell gap, such 
as by a spraying technique. This results in an uneven 
distribution of spacers with a greater concentration of 
spacers in some areas of the display and very few spac- 
ers in other areas. To ensure that an adequate concen- 
tration of spacers to maintain the proper cell gap are 



disposed in all areas of the display, an over-distribution 
of spacers must be used. In other words, in order to 
ensure that the less densely populated areas have suf- 
ficient spacer support, the more densely populated 

5 areas will have an over-abundance of spacers. 

In addition, according to such conventional tech- 
niques for placement of the spacers, they are placed in 
both "inactive" and "active" areas of the display. The 
"active" areas are those areas of the liquid crystal mate- 

w rial which maybe selectively activated because they are 
located between opposed electrodes disposed upon the 
substrates. The "inactive" areas are those areas of the 
liquid crystal material that cannot be selectively acti- 
vated because of the absence of opposed electrodes on 

is the substrates. Typically, the inactive areas of the dis- 
play will includes other elements such as a black matrix 
to improve the performance of the display. 

Inherent in such conventional spacer techniques 
are several undesirable deficiencies in the structure and 

20 performance of the liquid crystal display panel. Spacers 
which are disposed in the active display areas cause 
defects, such as the degradation of contrast or the 
undesirable emission of light around the edges of the 
spacers in the active display areas. Further, according 

25 to conventional techniques, an over -abundance of spac- 
ers, particularly in active display areas, will further 
degrade contrast of such affected areas. 

In the field of ferroelectric liquid crystal display 
devices, problems caused by conventional spacer tech- 

30 niques are more serious. The cell gap of a typical ferro- 
electric liquid crystal display device is roughly about 1 .5 
jam as compared to a conventional liquid crystal display 
device where the cell gap is typically about 6 to 7 urn. 
Thus, the tolerances of the ferroelectric liquid crystal 

35 display device must be more exact. Further due to the 
much smaller cell gap as well as the desire to increase 
the overall display area to provide larger displays, the 
ferroelectric liquid crystal display device tends to be 
much more fragile than the thicker conventional LCD 

40 device. However, other advantages of the FLCD device, 
such as an extremely fast response time which allows 
larger and higher resolution displays, make it desirable 
as a display technology of the future. A serious manu- 
facturing and durability problem with FLCD devices is a 

45 tendency to easily fracture from impact, either during 
manufacturing or during use in a wide variety of applica- 
tions. 

U.S. patent No. 5,459,598 to Carrington proposes 
various spacer designs for a ferroelectric liquid crystal 

so display device. As seen in Fig. 2 of Carrington, a plural- 
ity of substantially square spacer members 10 are 
arranged with small spaces 12 between and form walls 
13. Fig. 4 illustrates an alternative arrangement where 
each of the spacer members 1 0 has an associated aux- 

55 iliary wall that extends less than the length of the cell 
gap, providing a gap 15 and a cavity 17. Carrington also 
discloses a sticky spacer 18 disposed between the 
spacer walls 10, for enhancing the mechanical strength 
of the construction. As seen from Fig. 1, the "active' 
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areas of the Carrington display device are those areas 
between the spacer walls 10, which may be selectively 
activated by electrodes 4. Thus, the design proposed by 
Carrington involves disposing the sticky spacer 18 
directly in an active area of the display device, resulting 
in deficiencies similar to those of conventional LCD 
devices which dispose spacers in active areas of the 
display. 

SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the present 
invention to provide an improved LCD device construc- 
tion with spacers that are disposed so as to minimize 
interference in active areas of the display, resulting in an 
improvement in the quality of the performance of the 
display device. 

It is another object of the present invention to pro- 
vide an improved LCD device construction which 
enhances the mechanical strength and durability of the 
device, and which is particularly suited for the exacting 
tolerances required by an FLCD device. 

It is a related object of the present invention to pro- 
vide a technique for manufacturing an LCD device with 
such an improved construction. 

The above objects are realized in accordance with 
the present invention which provides an LCD device 
with spacers that are disposed substantially only in 
inactive areas of the display. Thus, the cell gap is pre- 
cisely maintained by spacers disposed in inactive areas, 
and the active areas of the display are substantially free 
of spacers which interfere with the performance of the 
device. 

According to a preferred embodiment of the inven- 
tion, the spacer elements will include adhesive spacer 
elements disposed in inactive areas of the display. The 
adhesive spacer elements are resilient and allow a 
degree of movement between the substrates in the case 
of shock or the application of pressure. Under normal 
conditions, the adhesive spacer elements will ensure 
that the desired cell gap is precisely maintained. Thus, 
the adhesive spacers enhance the durability and 
mechanical integrity of the LCD device. This is particu- 
larly important and useful in the case of FLCD devices, 
which tend to be much more fragile and require more 
exacting tolerances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantages of 
the present invention will be better understood from the 
following detailed description when viewed in conjunc- 
tion with the attached drawings, in which: 

Fig. 1 is a side cross-sectional view of a liquid crys- 
tal display device of the present invention; 
Fig. 2 is a top view of a portion of the liquid crystal 
display device of Fig. 1 ; 

Fig. 3 is a top view depicting an alternative embod- 



iment of the present invention; 
Fig. 4 is a top view depicting another alternative 
embodiment of the present invention; 
Fig. 5 is a top view depicting yet another alternative 
5 embodiment of the present invention; and 

Fig. 6 is a magnified side cross sectional view of the 
LCD of Fig. 1 prior to assembly and illustrates the 
difference in height between the post spacers and 
the adhesive spacers. 

w 

While the invention will now be described and illus- 
trated in connection with certain preferred embodi- 
ments, it should be understood that it is not intended to 
limit the invention to those particular embodiments and 
15 examples. On the contrary, it is intended to cover all 
alternatives, modifications and equivalents falling within 
the spirit and scope of the invention as defined by the 
appended claims. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Referring first to Fig. 1 , there is shown a side cross- 
sectional view of a liquid crystal display device accord- 
ing to a preferred embodiment of the invention. The 

25 device includes a lower substrate 2 and an upper sub- 
strate 4 which are typically formed of glass, but may 
also be formed from other materials such as plastic. As 
can be seen, the substrates 2 and 4 are generally flat 
and planar and provide support for the various elements 

30 of the device. 

An array of electrodes is disposed upon the surface 
of each of the glass substrates. By way of example, the 
illustrated embodiment of the invention is a matrix-type 
display device where the electrodes are arranged in a 

35 matrix pattern that form individually and selectively 
addressable pixel-type elements. On the lower sub- 
strate 2 there is provided a set of lower electrode ele- 
ments 6, while on the upper substrate 4 there is provide 
an upper set of electrode elements 8 which extend 

40 orthogonally to the lower electrode elements 6. 

Attached to the lower substrate 2 and positioned 
between the lower electrode elements 6 are a set of 
post type spacers 10. In the illustrated embodiment of 
the invention, a post spacer 10 is disposed between 

45 every other lower electrode element 6. The post spac- 
ers 10 run generally parallel to the lower electrode ele- 
ments 6 and extend from the lower substrate 2 to the 
upper alignment layer 12. Thus, in the illustrated 
embodiment, the post spacers 10 appear as a wall 

so between every other lower electrode element 6. The 
lower electrode elements 6 are covered with a lower 
insulating layer 14, upon which a lower alignment layer 
16 is disposed. Between the upper electrode elements 
8 and the upper alignment layer 1 2 is disposed an upper 

55 insulting layer 20. 

According to an important aspect of the present 
invention, a plurality of resilient adhesive spacers 18 are 
disposed between the lower alignment layer 16 and the 
upper alignment layer 12, and are positioned between 
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every other lower electrode element 6 in an alternating 
manner with the post spacers 1 0. The adhesive spacers 
1 8 function to absorb mechanical shock which might be 
imparted to the device from external forces. External 
forces such as a shock or vibration which might be 
applied to the substrates and the adjacent layers, will be 
reduced by the adhesive quality of the adhesive spacers 
18. reducing the likehood of damage to the device. 

As can be seen, the post spacers 10 and the adhe- 
sive spacers 18 define a precise and uniform cell gap g 
which controls the thickness of the liquid crystal mate- 
rial present between the alignment layers. As previously 
discussed, maintaining the particular predetermined 
cell gap g is critical to ensure proper operation of the liq- 
uid crystal display device. A defective image will result rf 
the cell gap g is even slightly greater or slightly less than 
the desired predetermined distance g. 

Liquid crystal material 22 is disposed between the 
alignment layers and is retained substantially in the 
channels formed by the post spacers 10 and the adhe- 
sive spacers 1 8. As can be seen, in addition to precisely 
and uniformly maintaining the cell gap g, the post spac- 
ers 1 0 and the adhesive spacers 1 8 provide additional 
support for the liquid crystal material 22. 

Turning now to Fig. 2, there is shown a top view of 
the liquid crystal display device illustrated in Fig. 1, 
which includes certain elements of the device to show 
the relationship between active areas of the display and 
inactive areas of the display. As shown, the lower elec- 
trode elements 6 extend orthogonally to the upper elec- 
trode elements 8. Active areas 24 of the display are 
those areas where the upper electrode elements 8 and 
the lower electrode elements 6 cross, so as to define an 
area of the liquid crystal material between that can be 
activated by a difference in the potential between the 
upper 8 and lower 6 electrode elements. Thus, given the 
matrix type electrode arrangement of the embodiment 
illustrated in Fig. 2, the active areas 24 of the display 
form a matrix of pixels that may be selectively activated 
by controlling the voltages on the appropriate upper 8 
and lower 6 electrode segments. Between the active 
areas 24 of the display, are the inactive 26 areas of the 
display. These are defined, in the device with the elec- 
trode arrangement illustrated in Fig. 2, as the areas 26 
between the upper 8 and lower 6 electrode elements. 

According to an important aspect of the present 
invention, the spacer elements are disposed only in the 
inactive areas 26 of the display. In other words, the 
spacer elements are completely disposed between, and 
run in the same direction as, one of the sets of electrode 
elements. In the illustrated embodiment, the spacer ele- 
ments 10 and 18 are disposed between and run in the 
same direction as the lower electrode elements 6. Thus, 
the spacer elements 10 and 18 do not interfere with or 
pose an obstruction in the active areas 24 of the display. 
The post spacers 10 appear as a wall between every 
other lower electrode element 6, alternating with the 
adhesive spacers 18 which are also disposed only 
between the lower electrode elements 6. 



Referring back to Fig. 1 , there will be described a 
preferred technique for fabrication of the liquid crystal 
display device illustrated. First, the lower electrode pat- 
tern 6 is fabricated upon the lower substrate 2, by, for 

5 example, a photolithography technique. Next, the con- 
ventional post spacers 10 are formed through a spin- 
coating or photolithography technique. According to an 
important aspect of the invention, the post spacers 10 
are formed only between electrode elements 6 and 

10 therefore do not interfere with active areas 24 of the dis- 
play. According to the illustrated embodiment, post 
spacers 10 are disposed between every other lower 
electrode element 6. 

After the post spacers 10 are formed, the lower 

15 insulating layer 14 is formed over the lower electrode 
elements 6 and between the post spacers 10. Next, on 
top of the lower insulating layer 14, there is formed the 
lower alignment layer 16 which is produced by a spin 
coating or offset printing type of the technique. Next, 

20 upon the lower alignment layer 16, there is formed the 
adhesive spacers 18 which are positioned between 
every other pair of lower electrode elements 6, alter- 
nately with the post spacers 10. 

In separate steps, elements of the upper substrate 

25 assembly are fabricated. Upon the upper substrate is 
formed the upper electrode pattern 8. In the illustrated 
embodiment, the upper electrodes are formed of a 
series of longitudinal electrode elements 8 which extend 
generally orthogonally to the lower electrode elements 6 

30 thereby forming a matrix. Upon the upper electrode ele- 
ments 8, there is formed an upper insulating layer 20, 
such as by a spin-coating or photolithography tech- 
nique. Next, upon the upper insulating layer 20, there is 
formed an upper alignment layer 12 by, for example, a 

35 spin-coating or offset printing technique. 

Next, the lower substrate assembly, comprised of 
the lower substrate 2 upon which the lower electrode 
elements 6, the post spacers 10, the lower insulating 
layer 14, the lower alignment layer 16 and the adhesive 

40 spacers 18 are formed, is brought together with the 
upper substrate assembly, comprised of the upper sub- 
strate 4 upon which the upper electrode elements 8, the 
upper insulating layer and the upper alignment layer 12 
are formed. After the upper and lower substrate assem- 

45 blies arc placed together, a sealant is applied to the 
edges of the cell, creating a secure seal of the cell for 
the liquid crystal material. 

According to a preferred embodiment of the inven- 
tion, spacers will be disposed on the edges of the dis- 

50 play cell to provide support and maintain the 
predetermined cell gap g throughout the entire cell. 
Since the sealant may have adhesive properties of its 
own, it is preferable that post type spacers 10 be used 
for support on the edges. The sealant can be applied 

55 adjacent to the post type spacers 10 disposed on the 
edges of the cell. In another embodiment, the post type 
spacers 10 may be disposed with spaces between them 
to provide areas where the sealant may be applied. 
Next, the cell space is evacuated and then filled by a liq- 



4 



7 



EP 0 782 037 A1 



8 



uid crystal material 22, according to any of several con- 
ventional techniques. As can be seen in Fig. 1 , the liquid 
crystal display material 22 preferably completely fills the 
spaces between the lower 16 and upper 12 alignment 
layers and between the post spacers 1 0 and adhesive 5 
spacers 1 8. 

According to a preferred embodiment of the inven- 
tion, in order to provide greater strength to the post 
spacers 10, after formation, such as by patterning using 
poiyamide, acryl acid or benzocyclobuten, the spacers 
10 are heat-treated at a temperature of between about 
200 and 300 degrees Celsius. 

The adhesive spacers 1 8 may be formed of a vari- 
ety of materials that both provide support, have strong 
adhesive qualities and have a resilient characteristic 
that tends to reduce the effects of mechanical shock to 
the LCD device. According to one embodiment of the 
invention, the adhesive spacers 18 may be comprised 
of polytriphenyl ethane perfluorocyclobutyl ethers benzi- 
cyclobutene (Dow Chemical), acryl polymer, photoresist 
or other suitable material. 

Turning now to Fig. 6, there is illustrated a magni- 
fied side cross sectional view of the LCD device that 
shows the relationship between the height of post spac- 
ers 10 and the adhesive spacers 18 prior to assembly of 
the upper substrate assembly and the lower substrate 
assembly. As can be seen, the adhesive spacers 18 are 
slightly higher 28 than the post spacers 10. According to 
one embodiment of the invention, the adhesive spacers 
18 may be between about 5 to 50% higher, an prefera- 
bly about 10 to 30% higher 28 than the post spacers 10, 
prior to bringing the upper and lower substrate assem- 
blies together. However, when the upper substrate 
assembly is placed upon the lower substrate assembly, 
the two assemblies are compressed by using, for exam- 
ple, a pressing device. After the upper and lower sub- 
strate assemblies are compressed, they maintain the 
uniform cell gap g defined by the height of the post 
spacers 10. 

Fig. 3 illustrates an alternative embodiment of the 
invention, where the post spacers 10 and the adhesive 
spacers 18 are disposed as spacer segments which 
alternate to form substantially continuous spacer walls. 

Fig. 4 illustrates another alternative embodiment of 
the invention where the conventional post spacers 10 
and the adhesive spacers 18 are separated, rather than 
continuous, and form spacer segments in a dot-line type 
pattern rather than a continuous spacer wall. In Fig. 4, 
the post spacers 10 and the adhesive spacers 18 are 
generally aligned with each other in adjacent segments 
in active display areas between lower electrode ele- 
ments. 

Fig. 5 illustrates yet another alternative embodi- 
ment of the invention which is similar to Fig. 4, but the 
post spacers 10 and the adhesive spacers 18 are stag- 
gered such that they are not disposed in alignment with 
each other, but are still disposed in a dot-line type pat- 
tern. 

As should be evident, the particular pattern or 



placement of the post spacers 10 with respect to the 
adhesive spacers 18 is shown in Fig. 1 through Fig. 3 
only by way of example. In that embodiment, the post 
spacers 10 and the adhesive spacers 18 are arranged 
alternating laterally. However, many different alternative 
arrangements are possible according to the present 
invention. For example, such another arrangement is 
illustrated in Fig. 4 where the post spacers 1 0 and adhe- 
sive spacers 18 are arranged alternating longitudinally. 
In other words, between each lower electrode element 
6, there is disposed a spacer wall comprised of alternat- 
ing segments of a post spacer 10 segment and an 
adhesive spacer segment 18. 

According to yet other alternative embodiment, 
spacer elements (either post or adhesive spacer ele- 
ments) might be more sparsely distributed throughout 
the cell, depending upon the size, structure and 
intended environment of the LCD device. For example, 
a post spacer might be disposed in the space between 
two lower electrode elements, while no spacer is dis- 
posed in the adjacent space between the next two lower 
electrode elements, and then an adhesive spacer might 
be disposed in the adjacent space between the two next 
lower electrode elements. As should now be evident, 
other pattern besides those illustrated may be adopted, 
but preferably, relatively equal spacing will be preserved 
in order to precisely maintain a uniform predetermined 
cell gap. 

As can be seen from the foregoing, the liquid crystal 
display device of the present invention precisely main- 
tains a uniform cell gap by using spacers which are dis- 
posed only in inactive display areas. By disposing 
spacers only in the inactive areas of the display, the 
present invention prevents a reduction in contrast 
caused by conventional spacer techniques of the prior 
art. By using the spacer techniques of the present 
invention, contrast in an FLCD device may be increased 
by 4 times, and using spacer walls that include adhesive 
spacer elements, a strength of over 54 x 10 3 N/cm 2 may 
be achieved. 

Where technical features mentioned in any claim 
are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing 
the intelligibility of the claims and accordingly, such ref- 
erence signs do not have any limiting effect on the 
scope of each element identified by way of example by 
such reference signs. 

Claims 

1 . A liquid crystal display device comprising: 

a pair of generally planar substrate assemblies 
that are disposed substantially parallel to each 
other; 

a plurality of transparent electrodes disposed 
on one side of each of said pair of substrate 
assemblies in a predetermined pattern, 
wherein said predetermined pattern defines 
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active display areas of the device and inactive 
display areas of the device; and 
spacer means for maintaining a substantially 
uniform predetermined cell gap for liquid crys- 
tal material between the pair of substrates, s 
wherein said spacer means is disposed sub- 
stantially only in the inactive display areas of 
the device. 

2. The liquid crystal display device of claim 1 wherein 10 
said spacer means is comprised of a plurality of 
spacer elements disposed between the pair of sub- 
strate assemblies. 

3. The liquid crystal display device of claim 2 wherein 15 
said spacer elements are disposed in a dot-line pat- 
tern. 



4. The liquid crystal display device of claim 1 wherein 
said spacer means is disposed between the pair of 
substrate assemblies in a substantially continuous 
strip pattern. 

5. The liquid crystal display device of claim 1 further 
comprising shock absorbing means disposed sub- 
stantially only in inactive display areas of the 
device. 

6. The liquid crystal display device of claim 5 wherein 
said shock absorbing means is comprised of a plu- 
rality of adhesive spacer elements disposed sub- 
stantially only in the inactive display areas of the 
device. 

7. The liquid crystal display device of claim 5 wherein 
said shock absorbing means is comprised of at 
least one adhesive spacer element disposed 
between the pair of substrate assemblies in a strip 
pattern which extends substantially only in the inac- 
tive display areas of the device. 

8. The liquid crystal display device of claim 5 wherein 
said shock absorbing means is comprised of at 
least one adhesive element disposed between the 
pair of substrate assemblies and substantially only 
in the inactive display areas of the device, wherein 
said at least one adhesive spacer element is heat 
treated to increase strength. 

9. The liquid crystal display device of claim 1 wherein 
said spacer means is composed of a composition 
selected from the group polymide, BCB or Acryl 
polymer, and said spacer means is fabricated using 
a photolithography technique. 

1 0. The liquid crystal display device of claim 5 wherein 
the shock absorbing means is composed of a mate- 
rial selected from the group photoresist, acryl poly- 
mer or polytriphenylethane pert luoroclobutyl ethers 



benzocyclobutene. 

1 1. A liquid crystal display device comprising: 

a pair of substantially flat, planar substrate 
assemblies that are disposed substantially par- 
allel to each other; 

a plurality of transparent electrodes disposed 
on one side of each of the substrate assem- 
blies in a predetermined pattern, said predeter- 
mined pattern defining active display areas of 
the device and inactive display areas of the 
device; 

a first means for maintaining a substantially 
uniform cell gap between the pair of substrate 
assemblies; and 

a second means for absorbing shock forces 
between the pair of substrate assemblies; and 

20 wherein said first means and said second 

means are disposed substantially only in the inac- 
tive display areas of the device. 

1 2. The liquid crystal display device of claim 1 1 wherein 
25 said second means in comprised of at least one 

adhesive spacer element. 

1 3. The liquid crystal display device of claim 12 wherein 
said at least one adhesive spacer element is heat 

30 treated to increase strength. 
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